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oI Chelr intensitles would give us direct inforwmation
cn the concditions pertaining to the solar interior.

&n experiment to that effect has been under way
fcr some time (Davis 1959). So far, the detection power
cf the instrumentation has been much tbo.low. However,
a new and tigger apparatus is under conmstruction with

~ealtly entanced detection power.

Qur &im has been to estimate the chances of the
present trial. In a model previously built by Dr. M.
Schwarzschild and ?. Pochoda (to be published), we have
ilncorpcracel secent data of atomic and nuclear physics.
The mocel follows the sun during the last 4.5 billion
years. ..e results are displayed in Table I. Ia passing,
e note fihat the variation in the luminosity may have had
SEep fo-zcis on the history of the solar system. For
cnis reason it should be of interest to the geologist
«nd the biologisc,

Trewm this model, we have tried to calculate the
sZlect of the solar neutrino flux in the tank of Dr. Davis.

~e detection. power appears to be too small by & factor
22 etoucr 10, However, because of the high sensitivity
SZthée neuwtrino flux to the cen e, a rather

e

tral temperatur
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N= - E* - (C® + He*

The relative importance of these PPl branches is
unctlon of the temperature, the density and.
the chemical composition of the solar interior. As
eachx branch contributes in its own way to the solar
‘neutrino £lux (both in number of particles'and in
snectral characteristics), we have followed the indivi-

1

duel deve coment of each branch in the sun.

Tz previous work {Reeves 1963), the rate of these
Sranches has been reconsidered in view of the recent
ccovelennznts in nuclear physics. The new rates have

wzen ul 1 in the present work.

¢

-
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A SOLAR MODEL

The usual equations are assumed for the stellar
interior (Schwarzschild, 1958). Two boundary conditions’

are given in the interior by expanding one of the hydro-

42}
(i

catic equilibrium conditions and the thermal équilibrium

0

cacltion in powers of "r'". At the surface two more

N

boundary conditions are derived from the adiabatic

rh

b

zzlation betw éL pressure and temperature in a convec-
tive zone (to within a constant, K) and by eliminatihg

. the pressure and density from the hydrostatic equilibrium.
eqguation. |

The basic set of four differenticl cceations and

tnroughout. i energy ceneration formula fo* :/c*ooen

[

curnilng 15 given as in Reeves (1983).

rbon-nitrogen composition was taken from-a
solar couposiclion ‘complled by A.G.W. Cameroﬁ (private
communicaticn). Since the relative total metal concen-
oy wéignt was assumed to bé_O;Oé@; close to
the valee obtained by Rogerson (1961), the Cameron tablé,'
whica yields o mete l composition of 0.022IWas doubied.

<

Tae vaitce, nen, for x.,, was 0.0091.

tn



The opacities were derived by using the Los
tlamcs ovacity ccde. With the metal content held fixed
a2t 0.04L4, opacities were first computed for a wide

£~ v -~ - e 1 - i Fag
nze of pressures and temperatures at three different
hydrozen compositions: x, = 0.8, 0.45, 0.1. The
computer then stored these three two-dimensional tables.

At a particular polnt in the model, the valuz of the

3

odaclty is determined by, f£ilrst, interopolating in two

Six ~odels were computed between the initliel an
present sun. The values Zor the initial concentiation

N

ci hycdrogen, and the adiabatic constant K were deter- .

value cf x; = 0.680 and log X = - 2.25, the final

- Tuminocsity and radius were within 0.4% of the observed
Te.ze 1 summarizes the history of the sun. The

sywmboLs save thelr usual meaninzs. c¢y/€yy 1s the

utlon of the »>L1 branch to the total

atral to mean energy

6
’

o

cnerry Tate., €¢/€ 1s the ratic oI o



Fig. 1 shows the run of temperature and density
©f the final model (present sun), normalized to the
central values, as a function of the mass fraction q.

sne luminosity 1s normalized to its surface value.

w

~lso shown is the fractional abundance of hydrogen x, «
Fig. 2 indicates the fractional rate of energy

generation contributed by each PP1 branch throughout

the final meodel. ¢, le.

'
(A

contributes very litc



NEUTRINGS FRCM THE SUN

Tive reactions are overwhelmingly responsible
for the solar neutrino flux. (The notation v, identifies

che wmother nucleus j).

. vl 2 At

i e o - e i + e -+ \)H

Ze’ e eT - LAT 4+ vg ‘
3% ~ Be® + &' o+ v

N® -~ C® + ef o+ v,

‘AL , 7B + .
C™ = N + &7 + v,

(« negligibly small amount of antineutrinos come from
Lhe vecctica: (H® = He® + & + V). In the

Teble LI che relevant energetic parameters of these

&
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every one of the reactions considered, yielding a peak

at an ensrgy oI 1.022 Mav above the maximum energy of

She correznonding Yhumn!' snectrum.
T LMD A

= e SR S iy /w5l 2 Y
PELS 0L Che vy ospeotram (WP 4+ HY o+ et - HT O+ vy)




is of any importance. The relative probability of

this process over the (H* + H* - D + e* + wvy)

Y

Arocess is give . P - ] P ~ < - 9 -3
process is given by: Ppon..- / Ppig o~ 5 % 10 S (L+3%, )pTe ™ 2

H

{(Ts 10°7 in °K),(¥; is the mass fraction of hydrogen).

sing our model we get for this quantity an average value

To builcd uwn our spectrum we define a icew useful

tal number of reactions

. o e S 9= S s e T )
guantities. TLez N be the t

o
L3P - He* (with Q = 26.730 Mev) per gram/sec in the

3un. Let & e the fractional number of th

s& reactions

o

oo

channelled through the PPL branch, and let g: be the

sroduciion can be written as € = QONZaigi° The g

-~ -

Ta calculated from Table II and listed in Tavle IIT.

For.epr we use the experimental value 1.90 erg/gm-sec and
we get : NZasgs = 4.45 x 10% gnm 'sec”t. Next we write
= = e T LS~ — Ay ~ LR} 1 c
Spr = 284 anq.el/emT = a;g;/Zajgi. With the help of

b -

*sec *),

i3S

Table I, we obtain the vaiue of N(N = 4.6 x 10* gm”

C{G = 0.97; the efficiency of the solar furnace) and the
2:, Lllsted in Table III.

Zach fusion of four protons inte one helium emits

wcuirinos. Hence the sun emits in the average

b




0.2 x 10% neutrinos per g¢m-sec. Of this flux, a frac-
y [} b

Cica by = ay + ayr/2 + aqy/2 emits vy; a fraction

Sne = ayp/2 emlts Vpg; a fraction bg = aryy/2 emits

Ve 3 a fraction by = by = aIV/Z emlts Vy and vy. The

values o:’bj for our model are given in Table III. The

total flux of neutrinos at the earth is

T o= 6,5 x 10® cm ®sec™?.
For the zurncse ¢if the following discussion we

e - R S oG A T A A ol — £ .

WILLE L ooEm Ll =L ;_.;‘\;.,uE, and also f(:_.) = Z-J(E),
o SRR Y} :
J ~ 3

— D ™ St N 5 o - T S ol
where clecrly T:/F = bj and fj(;, ig the density of
neutrincs [ per unlt energy ranze. Values of Fs are

- ~

-

given i Teble IIL. 1In Fig. 3. we have drawa the
neutring erergy spectrum of the sun, normalized to one

ntire flux.
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so far to detect the reaction (Davis, 1959) v + C1l%7 - A3%7 « ¢
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¢l the cross-section is given to about 13% eaccuracy

7T Sf . - - .
(Jo M. Zearscon, orivate communication) by:
- = - /o N 0
e = fe! 7 ] o/
< .95 (Beaacall) 5%

M.c) of the outgoing electron. G
lated for instance in (Siegbahn, 1955).
A s -(2m ) o=
oLl approximation we have:: G = 2maz(l ( naZW/p)] t.

2. Uoble I11 we have listed o5, the average cross-

Q
l"h
DJ
txd
il
wn

oL CCi*)zavz an upper limit of 5 x 10-33 for this quantity.




of detection to about & feactor t
The uncertainties in the n
ceme from various sources. The

¥

cre known to about 10%, but the

ot

energy generation but important

<nown: to only 50%.

gstimate. Wae can however calcul
-~ ) ~ ~3 Oy q o o)

T. = 3 x 3% "X would briag the
.o 1«' = -~ -~ o d o AV P +=
TSAC G The Topose exnerliment

nmodel can hardly be ruled out at

i
o
N

!

en below our estimate.

umbers in Table IIT

energy generation rates
(Be”,p) (negligible for

for neutrino fluxes) is

could come from the
difficult to meke any

hat 2n increase of

)
A

o)
cf

-+

v; flux wicaln the
. Such an error in our

the present time.



arameters inside the sun. The
density p are normalized to their

Po¢o The luminosity L is normalized

o+ Also shown is the mass fraction
o hydrogen %y The parameter q measures the fractional
P - N o - - ol < - LY

mass of the sun interior to the point under consideration.

: Neutrino energy spectrum of the sun normalized

Ty mme 3=
nrez Lloies

Co one narticle in the entire flux. The

t

< from-the capture of free electrons by Be” and

protons. Thelr helght is a function of the densicy and

Cemperaturs in the solar interior.
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